Under the real circumstances of service supply chain, there is one demand appearing as the sensitive feature, to face the increasing uncertainty. It could be elaborated upon the decision variables such as price, quantity, and efforts. The member behaviors are operated and coordinated in the process of multiperiod dynamic game. Based on the multiperiod dynamic game theory, the service demand and price, quantity of goods, and efforts of members in the secondary service supply chain are considered. The paper discusses the reputation effect and ratchet effect in the multiperiod dynamic game service supply chain. Additionally, the paper describes this problem, builds a programming model based on the multiperiod dynamic game, and deduces the optimal solution. Furthermore, the paper analyzes the impact of reputation effect and ratchet effect on the agent's revenue. Through the simulation, it is found that the agency efforts are a combination result of reputation effect and ratchet effect in the process of multiperiod dynamic game. Through the long-term dynamic game, the short-term moral risk in service supply chain can be restrained so that the result under the asymmetric information is the same as that under the complete information.
Introduction
Service supply chain with dynamic game in academia is a topic of growing importance. In the field of international logistics, these significant characteristics of member behaviors are often mentioned and further elaborated on, such as long-term and dynamic game. The current service level affects the decision of that in next period, while the effort level of the logistics service provider and agent affects the market demand. Therefore, this paper will discuss the multiperiod problem in sensitive (such as demand and prices, quantity, and efforts) service supply chain management from the time perspective of service supply chain. The original contribution is that the agency efforts are a combination result of reputation effect and ratchet effect. Simply put, the short-term moral risk in service supply chain can be restrained through the long-term dynamic game.
Literature Review
First of all, the multiperiod problem can be known through the development of dynamic principal-agent theory. The earliest principal-agent dynamic model was proposed by Radner [1] and Rubinstein [2] . Through repeated game model, they proved if the principal and agent had long-term relationships and enough confidence, the one-period Paretooptimal risk sharing and incentive was achievable. When the agent's behavior is difficult, even unable to confirm, and the explicit incentive mechanism is hard to implement, the longterm principal-agent relationship has a lot of advantages, which can make use of the reputation effect. The model built by Radner [1] and Rubinstein [2] explained this process exhaustively. But the reputation effect issue was clearly identified and put forward by Fama [3] . He attempted to explain how the segmentation of security ownership and control can be an efficient form of economic organization. What he thought was that incentive problem had been exaggerated 2 Mathematical Problems in Engineering in the principal-agent literature review. However, "time" can actually solve this problem because of the agent market restraining on the agent. And he stressed this point, which was different from Radner [1] and Rubinstein [2] . Holmstrom and Costa [4] studied that the principal regarded the past performance of the same agent as a standard, which contained much useful information. That is to say, the past performance was related to the managers' subjective efforts. The harder the agent worked, the greater chance of good performance would be. In other words, the standard was higher and higher set by the managers themselves. When they realized that the efforts resulted in the standard levelling up, their enthusiasm towards work would be depressed. The effort aversion could induce a natural discrepancy in uncertainty preferences. Such standard performance rising tendency was called the ratchet effect. Furthermore, there were also many scholars who studied the dynamic principal-agent theory. Their researches were closer to reality. In the multiperiod multistage supply chain, there existed complex interaction between and among members, especially in the networking supply chain system. The interaction between the bounded rationality of decisionmaker and feedback information and time delay could both lead to the complex dynamic behavior. Thus, the behavior and decision-making coordination among complex supply chain members became a new research interest [5] . The cascaded structure of a production-distribution chain can produce a wide variety of dynamic behaviors. Additionally, Agrell et al. [6] studied the revenue sharing contract coordination strategy of three kind decision models of ordering problem in supply chain on the basis of the telecom supply chain. They were centralized decision model, supplier's dominant decentralized decision model, and manufacturer's dominant decentralized decision model, respectively. A minimal agency model was used to contrast known optimal mechanisms with the actual practice in the telecommunications industry. Monahan et al. [7] studied the agent's dynamic pricing problem under the symmetric information. They presented the optimal solution of the demand function in the form of multiplication and analyzed its attribution and solution algorithm.
What is more, there were many Chinese scholars who studied this issue. Wang [8] studied the phenomenon under the asymmetry information in supply chain and the principle of realizing supply chain coordination by using the contract mechanism. Shaohua [9] studied the behavior coordination in multiechelon multistage supply chain. After summarizing studies on supply chain coordination, a feedback model of multistage multiechelon supply chain system was set up. Ma and Zhou [10] analyzed the performances of the supply and demand, probability of the model being put into practice, and designed a dynamic quantity flexibility contract on the assumption that forecast-precision and transfer-price were linearly changing with time. Zhongkai et al. [11] studied the coordination problem in a supply chain of the dynamic pricing set from the manufacture and also found that the combination of revenue sharing contract and rebate contract could coordinate the supply chain. This research was based on the study of Monahan et al. [7] , which also belonged to the area of dynamic coordination problem under the symmetry information. Based on the signaling model of information economics, Jin et al. [12] discussed that venture capitalist avoided and controlled the entrepreneur adverse selection risk by using signaling model during successive period of multiperiod venture capital. Ming and Ningjie [13] studied the dynamic game model between supplier and retailer under the asymmetry information and analyzed the effect of explicit and implicit incentive mechanisms. Although Weng's paper was not perfect, the analysis of dynamic principal-agent under the asymmetric information in his paper was of great value. Based on the research of Agrell et al. [6] , whose research took telecommunications industry as example, Nie and Xiong [14] studied the investment decision and ordering strategies in two-period telecom supply chain with demand uncertainty. The optimal ordering quantities and revenue sharing rates were given and the ordering quantities in three ordering strategies were compared. In addition, Shaochun et al. [15] constructed a game model of opinion dynamics evaluation and analyzed the formation and dynamic development of herd behavior in the opinion evolutionary process. Rufei and Jia [16] considered the duopolistic differential game model on how technology spillover and technology update affect firm's R&D strategy. And K. Wang and S. Wang [17] had an insight into the asymmetry information factors such as different price interval and various psychological pressures in the typical tristages bargaining game analysis. All of them investigated the multiperiod game problem.
To sum up, this paper will build a multiperiod dynamic game model under the condition of sensitive demand such as price, quantity, and members' efforts in the secondary service supply chain and consequently analyze its reputation effect and ratchet effect.
The Description of Service Supply Chain with Dynamic Game Model

The Definition of the Variables in the Model
. Before describing the model, there are some definitions below denoted by characters.
: the market capacity. Assume that the market capacity of each period is the same.
: the ability of the agent. The ability in the paper only refers to the ability to affect the market and it does not change over time.
: the trade period of the service provider and the agent.
: the agency efforts of the agent in period.
: an exogenous random variable. It represents the uncertainty of technology or market in period. And its probability density is ( ).
: the profit of the whole supply chain in period.
: the discount factor.
: the profit that was assigned to the agent in period. ( ): the negative effects of efforts brought to the agent, that is, the agency cost.
: the utility of the agent. : the utility of the service provider.
: the revenue of the whole supply chain. ( | −1 ): the reputation of the agent in period. It means the expectations about of the service provider.
: the agent's bargaining power, that is, the share of the profits it gains from its reputation ( | −1 ).
: the share of the profits the agent obtained from the excess part in performance.
Model Description.
There are two participants in the secondary service supply chain of international logistics business, international logistics service provider, referred to as service provider, and international logistics agent, referred to as agent. The service provider manages the service products, which can determine the service level ( ) and cause certain service cost ( ). The service products are sold to the agent with wholesale price ( ) by the service provider. The agent can order from the service provider according to the market demand ( ) and the quantity is described as . The agent can also implement agency activities on the service products of service provider. And the agency efforts ( ) of the agent will bring the agency cost ( ) accordingly. Since then, the agent sells the service products to the consumer with the retail price ( ) and gets profit. And the service provider and agent make decisions based on the principle of expected profit maximization. The service provider is the leader and the agent is the follower in the game. With the revenue-sharing contract, the service provider sells the products to the agent on a wholesale price ( ), which is equal to the cost of the service provider ( = ) in general. Throughout the game, the service provider, as a leader, guides the agent to make efforts they expected by providing appropriate incentive contracts. When the agent observes the decisions, that is, to say, the contract, made by service provider, it sees the contract as a constraint condition and makes the efforts which can maximize its own utility. Then, the service provider comes up with a new contract according to the performance update beliefs of the agent. And under the constraint of the new contract, the agent makes the efforts which can maximize its own utility again. And so forth, a multiperiod dynamic game problem of a service supply chain is produced. The model could be illustrated in Figure 1. 
Model Assumptions. (1)
There exists unilateral asymmetric information in the supply chain. That is, the service provider cannot see the ability ( ) of the agent. It only knows its distribution: ∼ ( , 2 ). And the ability of both sides, and , does not change with time.
(2) The service cost is constant and the lead time of order is zero. That is, the order requirements of the agent can be met immediately.
(3) The stock-out rate is 0. That is, there is no out of stock.
(4) The decisions are decentralized in the supply chain. The service provider and agent are independent economic entity and they both are risk neutral. When ( ) > 0, ( ) > 0, and ( ) > 0, ( > 0) is the coefficient of service cost. The bigger the coefficient is, the greater of the cost will be with the same service efforts .
The market demand ( ) shows the linear correlation on the quantity with variables such as price, quantity, and efforts. The selling price of the agent ( ), agency efforts ( ), service efforts ( ), wholesale price ( ), and the market random variable all affect the demand. Therefore, the dynamic market demand can be described as follows:
Assume that the order is made according to the market demand; that is, = . Thus, the revenue of the whole supply chain is
(8) In the initial state, the agent has not yet established the reputation of its own capabilities. So it needs trade to convey the information about its own capabilities. When the incentive contracts provided by the service provider meet to the agent participation constraint, the agent will accept the incentive contracts. Thus, the adverse selection problem cannot be considered. This assumption is reasonable. Just as college students who have just graduated from school, they often have to accept a lower salary job temporarily even if they are very outstanding [13] .
(9) In every period, the service provider can provide the agent with explicit incentive contracts which meet their participation constraint. That is, ( ) ≥ , is reservation utility of the agent. But the service provider cannot promise long-term contract because it will make the second-period contract according to the performance in the first period.
Programming Equation
Incentive Contracts.
In multiperiod dynamic principalagent, the incentive contracts that the service provider provided to the agent include not only the explicit incentive such as revenue sharing, but also the implicit incentive due to the good reputation. The explicit incentive refers to the fact that the principal can reward or punish the agent according to the observed action results. So the service provider can induce the agent to choose the action it expects. In the revenue sharing contract model, is the common knowledge of the service provider and the agent. Thus, − ( | −1 ) (the extra amount that the actual performance excessing the ] is the explicit incentive that the service provider provided to the agent in period. In addition, according to Fama's study, the market value of the agent (even its income) depends on its past performance. If the principalagent relationship can last many times, even in the absence of explicit incentive, the agent also has the enthusiasm to work hard because it helps to improve their reputation and increase the income in the future. Therefore, ( | −1 ) is the implicit incentive that the service provider provided to the agent in period.
To sum up, the pay that the service provider provided to the agent in period is
Equation (3) is the incentive contract that the service provider provided in period. The first part is the explicit incentive and the second part is the implicit incentive.
The Expected Utility of the Agent.
According to the assumptions above, the two-stage expected utility function of the agent is
What the agent needs to do is that to select the appropriate quality inspection effort in period to make its own expected utility maximization in the whole period with the incentive contracts provided by the service provider; that is
To integrate (5), we can get (6) as follows:
This is a multistage decision problem. When the agent makes decisions in every stage, he must consider the effect of current decisions on the utility of subsequent stage.
The agency efforts that were selected by the agent in every stage affect the utility of next stage by influencing the belief of the service provider. And take the two state parameters of the agent in period, [ − ( | −1 )] and ( | −1 ), as vector which is in accordance with Markov property.
The Expected Utility of the Service Provider.
The service provider maximizes its own expected utility by providing incentives to the agent. And the expected utility of the service provider is
The goal of the service provider is to maximize the expected utility; that is
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To integrate (8), we can get (9) as follows:
Assume that the service provider has rational expectations, and the agency efforts of the agent are = ( | −1 ). Then can be described as = 2 /( 2 + 2 ). The bigger the value of is, the greater proportion of in 1 observed [3] . The following state transition equations can be gained according to the rational expectation formula:
Assume that 0 represents the initial state; then
Programming Equation.
According to the expected utility of the service provider, the expected utility of the agent, and the initial state, the dynamic multi-period planning equation of which the service provider provided explicit and implicit incentives to the agent when the ability of the agent is unknown is as follows:
S.t:
Combined with (7) and (8), the result is
Computation and Analysis of Equation.
Establish the objective function and solve its Bellman equation; the service efforts and revenue sharing coefficient of the service provider in period are as follows:
Assume that the variables Φ 0 and 0 are known, so the service efforts and revenue sharing coefficient of the service provider in period can be solved.
Getting the partial derivative of ( ) for and , the results are
Combined (17) 
Effect Analysis of Reputation Effect and Ratchet Effect
The agent revenue includes not only the explicit incentive but also the implicit incentive. And the implicit incentive is the result of the interaction of two effects: reputation effect and ratchet effect. In the agency efforts, the reputation effect and ratchet effect, respectively, are
The Reputation Effect.
The reputation effect refers to the fact that the agency efforts in some stage will bring more revenue to the next stage. Hence, it can motivate the agent to strengthen the agency efforts continuously so as to obtain a better reputation and generate more revenue in the next stage.
According to the reputation effect / , we can find that when the agent's bargaining power is stronger, and the values of management ability ( ), discount factor ( ), and are larger, the agent is more motivated to improve agency efforts because it will lead to a better reputation and benefits.
When the values of market capacity and cost coefficient are smaller, the agent will have more agency efforts to bring a better reputation and benefits. The smaller the market capacity is, the greater influence the agent will have in the market. While the smaller the cost coefficient is, the lower cost the agent will pay with the same efforts.
The Ratchet Effect.
The ratchet effect refers to the fact that the performance evaluation of principal on the agent in a certain stage is based on its performance in the last stage. Thus, in order to avoid taking on too much performance task in this stage, the agent will reduce the efforts in the previous stage. The ratchet effect belongs to the implicit incentive. It has nothing to do with the decisions of this stage but related to the decisions of next stage.
The ratchet effect is −[( / )⋅Φ * +1 ⋅(1+Φ * +1 / )] in the agency efforts. And we can find that the bigger the revenue sharing coefficient Φ * +1 is in the next stage, the lower the agency efforts will be in this stage. This is because the agent is enhancing the reserved space for its future performance. When the Φ * +1 is larger, it means that the distribution of income is higher in the next stage.
At the same time, when the agent's bargaining power is stronger, and the values of management ability ( ), discount factor ( ), and are larger, the agent will reduce agency efforts because its result is that the ratchet effect is obvious, which can achieve the goal of concealing its ability. When the performance is not outstanding in this stage, the expectation of the service provider will reduce accordingly, and this leaves room for the performance enhancements in the next stage. While the values of market capacity and cost coefficient are smaller, the agent will reduce its agency efforts. Its starting point is to reduce the performance of this stage and leave room for performance enhancements in the next stage.
Conclusion
Under the real circumstances of the service supply chain, the member behaviors are operated and coordinated in the process of multiperiod dynamic game. The paper considers some variables, such as price, quantity, efforts, and market demand, the characteristics of which could be regarded as sensitive ones. Based on the dynamic game theory and the revenue sharing model, the paper builds a service supply chain model with multiperiod dynamic game. In addition, the paper elaborates the reputation effect and ratchet effect and also illustrates both explanations.
Though the simulation, it is found that the agency efforts are a combination result of reputation effect and ratchet effect in the process of multiperiod dynamic game. It also indicates the importance of reputation in the multiperiod supply chain. Through the long-term dynamic game, the short-term moral risk in service supply chain can be restrained so that the result under the asymmetric information is the same as that under the complete information.
